We examined three methods for calculating the area under the curve (AUC) following an oral glucose tolerance test (OGTT) in overweight adults prior to and after 9 months of exercise. METHOD: Subjects (n ¼ 27) were randomly assigned to a control (CON, n ¼ 9) or intervention (INT, n ¼ 18) group. INT performed supervised exercise 5 days per week, 45 min per session, at 65% of heart rate reserve. OGTTs were administered preand post-training. Blood was collected during a 75 g OGTT and analyzed for glucose (GLU) and insulin (INS) concentrations. AUCs were calculated using the incremental, positive incremental, and total AUC methods and the difference scores for pre-and post-training were determined. RESULTS: No differences were observed among the methods for glucose AUC for either group. Significant differences were observed for INT insulin AUC with total AUC (1525 AE 3291 mU=1=180 min) significantly greater than incremental AUC (1112 AE 3229 mU=1=180 min) or positive incremental AUC (1085 AE 3195 mU=I=180 min). Total insulin AUC was significantly reduced following training for INT, while incremental and positive incremental insulin AUCs showed no change. CONCLUSION: These data suggest that the method of used to calculate AUC may affect the interpretation of whether or not an intervention was effective.
Introduction
Recently, Allison et al 1 identified several concerns surrounding the calculations of areas under the curve (AUC) when performing an oral glucose tolerance test (OGTT). In one method the baseline measures are subtracted from all subsequent readings before the AUC is calculated and is referred to as the 'incremental area' method. 1 A major problem exists when using this method, 'if any of the postbaseline measures are lower than the baseline value, then it is possible to obtain a negative area, and a negative value for area logically contradicts the concept of area in the physical sense.' Another method for determining the AUC is to use only those areas that are above the baseline values and ignore any value that falls below baseline. 2, 3 Allison et al 1 refer to this as the 'positive incremental area' method. The major concern with the positive incremental area is that 'ignoring the area below the baseline is tantamount to throwing away much of the variance in any readings below the baseline.' A third method of determining the AUC would be to calculate the entire AUC and represent this as the 'total area' under the curve. This would minimize the concerns regarding limitations with the other two methods. In this study we attempted to determine if the method of calculating the AUC for an OGTT would yield different results prior to and after 9 months of aerobic exercise in overweight adults.
Methods
Subjects Subjects (n ¼ 27) voluntarily participated in this investigation. All subjects completed a health history questionnaire and provided written informed consent in accordance with university guidelines for human experimentation. The subjects in this experiment were part of a larger multi-year trial examining energy balance in response to 16 months of exercise. Throughout the study period subjects consumed an ad libitum diet that was 30 -35% fat, 45 -55% carbohydrate, and 10 -25% protein. Subjects were randomly assigned to either a control group (CON, n ¼ 9) or an intervention group (INT, n ¼ 18). At baseline and 9 months the subjects completed an OGTT.
Oral glucose tolerance testing
The subjects reported to the laboratory at 06:00 h for an OGTT having refrained from food or any liquids except water for 12 h and from any exercise for 36 h prior to testing. An indwelling catheter was inserted into a prominent forearm vein and kept patent with an isotonic saline infusion. Blood samples were collected at: 7 15, 7 7.5, 0, 15, 30, 45, 60, 90, 120 and 180 min. A 75 g standard glucose drink was consumed at the 0 time-point. Serum samples were analyzed for glucose and insulin using standard biochemical procedures. After the data were collected the incremental, positive incremental, and total AUC were calculated using the trapezoidal method. 4 Intervention program Subjects in CON continued with normal daily activities for 9 months. Subjects in INT continued with normal daily activities and performed verified supervised exercise for 9 months. Exercise progressed from 3 days per week at 65% of heart rate reserve (HRR) for 30 min to 5 days per week at 75% of HRR for 45 min across 16 weeks and then remained at 5 days per week at 75% of HRR for 45 min across the remainder of the study.
Statistical analysis
Means and standard deviations were calculated for all dependent measures. Change scores for the pre-and post-training data were determined using the positive, incremental and total AUC methods. A one-way repeated measures analysis of variance was used to determine if there were differences between the change scores for each group. To determine if any of the methods 'detected' a significant improvement (pre-, post-training) in glucose or insulin AUC, dependent ttests were calculated for each AUC method. Significance was set at P 0.05.
Results
No significant differences in glucose AUC for the change scores (baseline to 9 month) were observed for any method of analysis for either CON or INT (Table 1) . No significant differences in insulin AUC for the baseline to 9 month change scores were observed among the methods of analysis for CON (Table 2 ). A significant difference was observed in the method of analysis for insulin AUC for the baseline to 9 month change scores in the INT group. The total AUC method was significantly different from the incremental and positive incremental AUC methods. Additionally, there was a significant change in the total insulin AUC following 9 months of exercise but not for the incremental or positive AUCs.
Discussion
An OGTT provides a measure of the necessary insulin concentration for the disposal of a specific glucose load. As recently pointed out by Allison et al, 1 interpretation of glucose and insulin data are subject to limitations of analysis depending upon which method is used to calculate the AUC. The main finding of this investigation is that following 9 months of exercise the incremental and positive incremental methods for calculating insulin AUC will result in an inter- Areas under the curve JA Potteiger et al pretation of no change in AUC, while employing the total AUC method would suggest an improvement for insulin action following 9 months of aerobic exercise. Prior investigations have shown that aerobic exercise training improves glucose tolerance. 5 -7 While our data show no change in glucose AUC following training, there were differences among the methods of analysis for insulin. While glucose disposal was not altered by 9 months of exercise, there appeared to some modification to the process of glucose removal, because insulin concentrations were decreased in the INT group after 9 months of training. This implies that less insulin was required to remove glucose from the circulation. Either an increase in insulin sensitivity 7 -9 or an increase in glucose 4 transport proteins 10 -12 may be responsible for the lower insulin concentration. If this scenario is presented then it is important that the method of analysis be sensitive enough to detect change. In this context, the three methods of AUC analysis should have produced similar results, however this did not occur.
Of particular importance to our research question is the variability in the amount of insulin required to maintain a certain blood glucose concentration. When an OGTT is conducted, the initial measurements prior to glucose ingestion are often used as the baseline, which is then used to calculate the AUC. However, if the baseline insulin concentration is different between testing days then this may lead to misinterpretation of the data (ie identifying a difference when one does not exist or vice-versa). For example, if the pre-ingestion insulin concentration is lower following training and the peak insulin concentration was lower during the OGTT. This would reflect no change in AUC, but in fact there is less insulin required to maintain the blood glucose level. This may lead to the conclusion that exercise does not affect the insulin AUC. This would go against the general belief that exercise improves insulin kinetics by lowering the amount of insulin required to dispose of a set glucose load.
The calculation of the AUC is critical for evaluating the response to an OGTT. Our results indicate that the incremental and positive incremental AUC methods will lead to similar conclusions. Use of the total AUC method yields a different result from the other methods and may be the preferred method of choice because it is not dependent upon an ever-changing 'baseline' level for glucose and insulin.
